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DETERMINATION OF DIFFUSION COEFFICIENTS CN RASIS
OF ABSORPTION OF BETA-EMISSION

Doklady Akademii Nauk SSSR, Vol 102, No 2 A. A. Zhukhovitskiy
Moscow, li May 1955, pp 301-304 V. A. Geodakyan

[Numbers in brackets refer to appended bidliography. ]

Knowledge of diffusion characteristics in solid solutions is essential
for the solution of a number of problems of preparation of a material with
specified properties. The use ¢f artificially radioactive materials facil-
itated the tracing of these characteristizs. During recent years, a great
number of werks devoted to varicus methcds of measuring diffusion coefficients
have appeared which are based on the application of radioactive materials.(l]

However, all known methods have substantial deficiencies. Many methods
involve the cumbersome precess of cutting the specimen into layers. The use
of another group of methods (method of longitudinal cut) is complicated by
excessive requirements of precision of distance measuring.

0f interest nre asbsorption methods using the variation of absorption of
emission in diffusion A basic deficiency of various modifications of the
absorptive method consists in inaccurate definition of the absorption depend-
ence on distance. Actually Bear's law is accepted for beta-rays, which 1s com-
pletely incorrect in the case of a mixed spectrum and even inaccurate in the
case of a simple one. This is the deficiency of the method recently described
by P. L. Gruzin and D F. Litvin {2], cortaining simultaneously a useful indi-
cation as to the expediency of employing gamma-radiation as evidence. One of
us developed with the assistance of S. N. Kryukov the method of the "thin
layer," vhich does not require at ali the knovledge of absorption laws.([3)
Hcwever, this method requires the preparation of thin luyers, which involves
difficulties in the case of frapgile ma‘erianls, and it may in some cases in-
voke doubts as to whether the strusture cf the material of the specimen has
been retained.

It is of interest to study the possibility zf developing an absorption
method possessing the advantages of "thin layers" but realized on a "thick
layer." The presentation of such a method is the subject of this article.
The method should be based on the mensurement of the drop in activity pro-
duced by the diffusion of the radicuctive material within the thick layer.
Simultaneously with this value, a certain characteristic of adsorption and
radiation diffusion in the materin) should be nsed. The adsorption coef-
ficient wof the Bear law does not correctly reflect this phenomencn. The
direct measurement of the function ¢ (x; representing the decrease of radine
tion produced by the peretraticn of the emitter to a depth x is rather dif-
ficult. The most efficient wculd be sthe follewing integral choracteristic
of absorption and scattering:

@
A :j?o ix)dx

0
This quantity is not bound to some assumption ua <l natuve of ~ssorption or
scattering. This is easy to determinc uxperimentaily inssmuc’ ae {t is
connected with the emission of the specimen with unileraly i .ributed radio-
active material. The quantity AO/VP_ Dt there D L& = dufiusion cuesfi-
clent and t is the annealing time) 1s tre expedien: - iw.nsionizss inde endent
variable on which drop in astivity (I:/Io' should . ., and.
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If on the surface of a semifinite layer e quantity Q of matter is i
deposited, it is known that the concentration C as a function of time and :
depth will be expressed in the following way [(b4l:

q X2/ upt

C (x,t)= - e (1)

n

In accordance with the above,

I =- -~ e—xe/hut? (x)dx (2)

where §> =(F(O) accounts fer the relection effect.

We shall look for a solution for large values of the time. Expanding the
exponential function into series, we obtain.:

1 Ao AE Ay (3)
I, 3‘/nDt WR(V D2 32V (VDT)°

Here A, is the corresponding moment of the functions}o s AT fxnsv(x)ds.

o
For sufficiently large values of the time, the {irst term of this expansion is
satisfactory. 1In this case, D may te determined from the graph of I/Io versus

1NVE.

The realization of linearity on the graph confirms the realization of the
corresponding asymptotic dependence, i.e., the sufficiency of the annealing time
assigned. The instant of the octurring linearity depends, of course, on the

. quantvities D and A,

! The gquantity A, depends on the intensity of absorption and will decrease .
with it. For this reason, the asymptotic dependence will occur much earlier,
in the case of a strongly absorting emission. Insofar as no assumptions were
made as to the nature of y (x), in order to shorten the duration of the ex-
periment, we may separate for observation the soft part of the beta-spectrum.
This is accomplished by the use of suitable Ciliters.

Finally, we should note that the activation energy may be determined by
the following simple metheod, whigk alsc dees not require any assumption as
to the nature of the absorption. From the concept of dimensio:r it follows
that I/I_ should depend on the product Dt. Therefore, if at iwo differ-nt
temperatures and during different time periods I/Ic reaches the same vilue,
this means the stability cf the product Dt. From the equality Dlt -D t. it

A 1 ez
is easy tc determine the energy of activation.

We tested the new method of measuring diffusion character. ties in an
example of self-diffusion i& silver. For this case compariz.. deta are avail-
able (3, 5]; besides Agl has a complex spectrum whi:b maxes the usual
version of the absorption method not applicable, .

-
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The silver used was purified by familiar chemical methods.[6] Spectral
analysis showed only traces of Cu and Si. Radloactive silver was deposited
by electrolysis. The counting of activity was carried out on an end counter,
The dimensions of the specimens were 0.5 x 0.5 x 0.1 cn. The experiments
vere carried out at five temperatures: 925, 900, 850, 800 and 750°, Diffusive
aonealing was carried out in a vacuum of the order 1073 mm, Hg. The tempera-
ture was kept constant to 1°,

Figure 1 [appended) represents results of direct measurement of decrease
of activity with diffusive annealing for two temperatures. To eliminate er-
Tors connected with evaporation losses, etc., we recorded the ratio of beta
rediation to gamma’ radiation, To this end the radiation was measured without
filter (15 4 I;A) and with filter {(Ig) and the retig 1 = Higy 1,4) - 1
24] /{V =1 /I’AUQS computed. The ordinate axis shows in figure'l the®ratio
Of the value I ¢o its vaiue {I/1,) at the in:itial instant. By varying the
thickness of the filter, one can choose & different part of the bega-spectrum.
The presented graphe are cbtained with an aluminum filter 22 mg/cm® thiek,

Figure 2 represents in coordinates I/Io versus l/V?, the resnlts of measure-~
ment at two temperatures.

For the computation of the diffusion coefficient, the meusurement of the
quantity Ao was carried out. To this end the specimen was, after diffusion
experiments, fused ang flattened in a pressform. A, was computed from the
formula:

Teo
Ao.:A i:— ? (1#)

where[ﬁ& is the thickness of the Specimen, and I, the ratio of its beta- and
ganma-activities (the measuremers are carried out vith the same filter). {The
value I, was indicated above. )

If we designatc by m tre apgular coefficient of the asymptotic line I/I0 -
1I/VE, then it follows from equaticn {2} and {4) that

2
b= T= A

2 2

o

The values of D ccmputed from thig equation are compiled in the following
table.

% 925 920 850 800 750

D cn? /see 3.3.107  2.2.159 9.2.20710 35,10 1.3.20"

' 2
The value of p corresponding to the obtained results 1s ¢ = 0.52 cm /sec.
]

ang Q - 435 000 eal/mol, which concurs vell with data by Johnse$ 5 (D0 = 0.895
en/eec., Q =45 950 cal/mol) and by Kryukov and Zhakhevitskiy (DD = 1.8 cn?/se:.,
Q =47400 cal/mol).

A direct determination of aztivation energy from iy = 2, based on the
constancy of the product Pt at constant I/Io, leads o0 a value of Q= &3 900

cal/mol).
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The accuraey of the method presented here, as well as of other versions SEEEET)
of the absorptive method, is basically determined by the accuracy of the ==
temperature stability during the diffusive annealing. An important peculi- ?}&
arity of this method is the right choice of the filter allowing cne to ob- U
tain in a short time the asymptotic expression for the drop in activity. .; [

Moscow Steel Institute Received 16 March 1954 LI
imeni Stalin ('] .
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{Appended figures follow: )

-

Sanitized Copy Approved for Release 2011/07/12 : CIA-RDP80-00809A000700240224-5



Sanitized Copy Approved for Release 20 1/07/12 : CIA-RD8-008A00070240224-5

=

STAT,
= A i,
g ‘
i
PR
.
Figure 1. Y }_!'
#; - . - l
s
)
of 7
3
§ ot
by =
4
)

035 015 &5 ¥ Seek

Figure .

Lo LR LT

Sanitized Copy Approved for Release 2011/07/12 : CIA-RDP80-00809A000700240224-5




